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Abstract  
 
 
Transportation plays an important role in the economic growth and development of the 
country. One of the primary responsibility of the Transportation department is to maintain their network. 
The surface quality and surface roughness has a strong influence on the public judgement of its serviceability. 
Pavement deterioration is a continuous process which need to be taken care of by applying some 
maintenance and improvement standards. There are various distresses that we have to deal with to maintain 
the pavement condition and to provide a better surface quality. Here in this research 3 important distresses 
i.e. Raveling, Rut depth and Cracking are considered. The value of these distresses are analyzed using HDM-
4 software.  The changes in the values of these distresses in different roads in different traffic and climate 
condition is found out. According to the values of different distresses, graphs are plotted and the suitable 
trend lines are drawn. The equation of different trend lines are found out. 
 
Keywords: Distress; Pavement deterioration; HDM-4; Maintenance. 
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Chapter 1 
Introduction 
 
1.1 General 
 
Any structures including pavement that is built will deteriorate with time 
when it is subjected to loads and various climatic factors. The increasing traffic intensity, 
high tire pressure, increasing axle loads etc. are causing early signs of distress to bituminous 
pavement. The rate of deterioration depends on the initial condition, traffic loading, climatic 
conditions and other parameter. 
 Pavement needs to be evaluated periodically to assist the structural 
condition, and also to assist the remaining life of pavement and how much more time the 
pavement can solve the users satisfactorily. Pavement performance can be defined as the 
ability of the road to meet the demands of traffic and environment during its design life. The 
condition of the road at any time can be predicted approximately using performance models. 
For managing the transport infrastructure system, prediction and modelling 
of their performance are the main inputs as well as major challenges. Appropriate tools are 
required to evaluate existing pavement, collect some data, collect some information and one 
should be able to interpret the data that should be obtained and make right decision in terms 
of condition of the existing pavement and what is to be done if its life has to be extended by 
a given no of years.  
If proper maintenance is not applied on the pavement then it will result in 
deterioration of pavement. Due to deterioration of pavement, vehicles are damaged and the 
fuel consumption is also increased, which leads to increase in the vehicle operating cost 
(VOC) and user cost. Road maintenance is a necessary action to maintain an acceptable 
level of service, comfort, and safety on these roads. Regular maintenance of pavement also 
helps in increasing the life of pavement. 
 
1.2 Problem Statement 
 
The Condition and Roughness data survey of any road section is a time 
taking and difficult process. The survey is conducted at a regular interval of time, so that 
some necessary action can be taken before it comes to a failure condition. But to conduct 
the survey regularly we need both manpower and money power. During the survey the 
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traffic flow is also get affected, which causes difficulty to the road users. So to avoid this 
type of regular road survey we have to find the trend of the different distress parameters. 
After finding the trend we can predict the future value of those distresses and we can apply 
some maintenance and improvement standards as per the condition of the road.  
 
1.3 Objective 
 
 To evaluate the present structural and functional condition of the study area. 
 Find out the structural number of the road stretches  
 Analyze the road condition and apply some maintenance and improvement standards 
 To compare the different maintenance and improvement strategies and apply the 
most feasible option. 
 Find out the trend of the distress parameters 
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Chapter 2 
 
Literature Reviews 
 
 
2.1    General 
 
The deterioration of the pavements show slow progress during the initial 
years after construction, but very fast progress during later years. Performance evaluation 
involves a thorough study of various factors such as subgrade support, pavement position 
and thickness, traffic loading and environmental conditions. 
Pavement evaluation process is normally represented using four criteria, 
namely, pavement roughness (Reliability), Pavement distress (Surface condition), Pavement 
deflection (structural failure) and Skid resistance (Safety). 
Certain other terms are also used by researchers. They are: 
a) Present Serviceability: This is the term used to represent the ability of a specific 
section of pavement to serve high speed, high volume, and mixed traffic within the 
existing conditions.  
b) Individual Present Serviceability Rating (PSR): This denotes an independent 
rating by an individual on the present serviceability of a specific section of roadway. 
The rating usually ranges from 0 to 5. The individual may also be asked to indicate 
whether or not the pavement is acceptable as a primary highway.  
c) Present Serviceability Index (PSI): PSI is a mathematical combination of values 
obtained from certain physical measurements formulated to predict the PSR for 
those pavements within prescribed limits. 
d) Performance Index (PI): This denotes the summary of PSI over a period of time, 
which can be represented by the area under the PSI versus time curve. There are 
many possible ways in which the summary value can be computed. The simplest 
summary consists of the curve of PSI against time. 
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2.2    Performance Evaluation 
 
To develop performance criteria, pavements need to be evaluated over a 
period of time. The pavements can be evaluated in two ways: 
 i.   Functional performance evaluation 
ii.   Structural performance evaluation 
2.2.1 Functional Performance Evaluation 
It is the ability of pavement to provide comfort, safe, economic riding 
surface to the road users. As long as the pavement is in a position to give satisfactory 
service to the road user in terms of safe comfortable ride, the pavement is considered 
to be in a functionally acceptable condition. The functional pavement performance 
is measured in terms of Present Serviceability Index (PSI), roughness and skid 
resistance.  
2.2.2 Structural Performance Evaluation 
Structural performance is related to the structural soundness or load carrying 
ability of the pavement. It is measured normally in terms of the response of pavement to the 
load application.  
In structural evaluation, the strength of the pavements is measured using 
different approaches; destructive and non-destructive. In destructive method, the in-situ 
strength of the pavement is evaluated by taking cores and collecting materials from different 
pavement layers and testing them in the laboratory. 
In non-destructive approach, in-situ properties of the pavement layers are 
evaluated using various equipment such as Benkelman beam, falling weight deflectometer 
(FWD), dynamic cone penetrometer (DCP) etc. The deflection measurements from FWD 
are used to compute the in-situ moduli of the pavement layers. DCP is a low cost portable 
device used to measure the strength of various unbound pavement layers by measuring the 
resistance to the penetration of a standard cone. 
The structural and functional condition of flexible pavements changes with 
time due to continued effects of its structural adequacy, volume, composition and loading 
characteristics of traffic, environment, surrounding conditions and the maintenance input 
 5 
 
provided. The failure of the pavement occurs due to internal damage caused by traffic loads 
within an operational environment, over a period of time; and is not an abrupt phenomenon. 
Deterioration can also be defined as the process of accumulation of damage and failure of 
the pavement is said to have reached at limiting stage of serviceability level. Studies 
conducted all over the world have establishes that even though design and construction 
techniques vary from country to country, the deterioration pattern of pavement shows the 
same trend. 
 
The various factors which cause deterioration of flexible pavements can be 
represented as shown in figure below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1: Factors influencing Pavement Performance (Gedafa D S, 2007) 
 
Aggrawal et al. (2005) has given an overall picture of the problems of road 
networks in developing countries, which are rapid traffic growth, inadequate funding for 
maintenance and upkeep, lack of skilled man power, attitude towards maintenance etc. 
Thube et al. (2005) critically reviewed the maintenance management 
strategy for low volume roads in India and stressed the need for development of pavement 
distress data base, deterioration models, optimal investment and maintenance strategy and 
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highlighted the need for a suitable national level policy regarding paving of unpaved low 
volume roads in India.  
 
2.3    Pavement Condition Index 
 
The pavement condition index is a simple, convenient and inexpensive way 
to monitor the condition of the surface of roads, identify maintenance and rehabilitation 
needs and ensures that road maintenance budgets are spent wisely. The pavement condition 
index rates the condition of the surface of a road network. The PCI provides a numerical 
rating for the condition of road segments with in the road network, where 0 is the worst 
possible condition and 100 is the best. 
PCI measures two conditions: 
(i) The type, extent and severity of pavement surface distresses (typically cracks 
and rutting)  
(ii) The smoothness and ride comfort of the road. 
Pavement Condition Index is a subjective method of evaluation based on 
inspection and observation. It is neither a complex nor time consuming exercise. 
Knowledgeable and experienced public workers officials drive the road network and 
evaluate its condition in a systematic way. The observations are entered into a database for 
evaluation and use. 
Pavement Condition Index provides the current condition of the road 
network and the rate of deterioration of the road network over time. 
A PCI is used to: 
 Identify immediate maintenance and rehabilitation needs. 
 Monitors pavement condition over time. 
 Develop a network preventive maintenance strategy. 
 Develop road maintenance budgets. 
 Evaluate pavement materials and designs. 
PCI Ranges Overall Condition 
80-100 Excellent 
65-80 Very good 
50-65 Good 
35-50 Fair 
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Dewan, (2012) developed a model for IRI as a function of PCI with the intent 
of using the model in estimating user costs / benefits in their pavement management system. 
SAS statistical software was used for the modelling and regression validation resulting in 
following equation.  
IRI= 0.0171(153-PCI) 
Where, IRI is in m/km. The model’s R2 value was 0.53 with a coefficient of variation of 28 
percent. 
Park et al. (2007) established a power relationship between PCI and IRI 
using data from nine states and provinces in Northern America. The power model proposed 
was  
PCI= K1*IRI
K2 
 
Which led to a transformed linear regression model as follows:- 
log (PCI) = 2 – 0.436log(IRI) 
Stephen A., et al. (2014) determined a form after a series of data 
transformations within the generalized regression model that is as follows: 
log(𝑃𝐶𝐼) = 𝐴𝑙𝑜𝑔(𝐼𝑅𝐼) + 𝐾+∈ 
Where IRI is the independent variable and PCI is the dependent variable with A and K being 
constants. The model was assumed to have an associated error of∈ [∈ ~𝑁(0, 𝜎2)]. 
2.4    Structural Number (SN)  
 
The Structural Number (SN), formerly called as “thickness index” was 
originally determined with help of American Association of State Highway Officials 
(AASHO) road test. Structural Number represents the overall structural requirement needed 
to sustain the designed traffic loading. It is used as an indicator to determine the strength of 
a total pavement structure. It is an abstract number that expresses the structural strength of 
20-35 Poor 
0-20 Very poor 
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a pavement required for given combination of soil support (MR), total traffic expressed in 
ESAL, terminal serviceability and environment. In essence it is the sum of the strength of 
all the layers in the pavement. 
A formulation of the AASHTO equation for the Structural Number (SN) of 
a flexible pavement section with two layers above the subgrade is as follows: 
SN =  a1D1 + a2D2 
Where the ai and Di represent the Structural layer coefficients and the thickness, 
respectively, of the asphalt surface and base layers in the pavement. 
For three layer flexible pavement, the formula of effective Structural Number 
(SN) as per AASHTO-1993 is given by, 
𝑆𝑁𝑒𝑓𝑓 = 𝑎1𝐷1 + 𝑎2𝐷2𝑚2 + 𝑎3𝐷3𝑚3 
Where, D1, D2, D3 = thickness of existing pavement surface, base and subbase layer. 
a1, a2, a3 = corresponding structural layer coefficients 
m2, m3 = drainage coefficient for granular base and subbase. 
In selecting values for m2 and m3, the poor drainage situation for the base 
and subbase at the AASHTO road test would be given drainage coefficient value of 1.0.  
2.6.1 Calculation of Layer coefficient: 
A value of layer coefficient is assigned to each layer material in the pavement 
structure in order to convert actual layer thickness in to structural number (SN). The layer 
coefficient expresses the empirical relationship between Sn and thickness and is a measure 
of the relative ability of the material to function as a structural component of the pavement. 
The layer coefficient for asphalt concrete surface course (a1) can be 
estimated based on its elastic (resilient) modulus value at 68º F, from the figure given below. 
Caution is recommended for modulus values above 450,000psi. 
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Fig 2: Chart for estimating Structural layer coefficient of Dense- Graded Asphalt 
Concrete based on the Elastic (Resilient) modulus. 
The structural layer coefficient (a2) for granular base layers can be estimated 
using the figure given below, from one of four different laboratory test results on a granular 
base material, including resilient modulus EBS.  
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Fig 3: Variation in Granular Base Layer Coefficient (a2), with various base strength 
parameters 
 
Similarly for Granular subbase layers the chart given below is used to 
estimate structural layer coefficient a3, from one of four different laboratory results on a 
granular subbase material, including subbase resilient modulus ESB. 
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Fig 4: Variation in Granular Subbase Layer Coefficient (a3), with various subbase 
strength parameters 
The structural number (SN) of an existing pavement section can be 
determined from the original AASHTO performance equation or from a similar AASHTO-
like performance relationship if the performance of the pavement section has been observed 
under known loading conditions. 
Noureldin et al. (2005) suggested some equations to calculate Structural 
Layer Coefficient that are based on the 1993 AASHTO guide. 
Surface layer coefficient, a1 
𝑎1 = (
𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑛 𝑘𝑠𝑖
11 × 103
)
1
3⁄
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Support layer coefficient, a2 
𝑎2 = (
𝑆𝑢𝑝𝑝𝑜𝑟𝑡 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑛 𝑘𝑠𝑖
11 × 103
)
1
3⁄
 
Conversion from ksi to Mpa in SI unit, 
1𝑀𝑝𝑎 =
𝑘𝑠𝑖
0.1450377
 
Where, ksi= Kilo Pound per Square inch 
Peter-Davis and Timm (2009) determined the Structural Layer Coefficient 
of asphalt surface layers used in Alabama via observed performance (rut depth, surface 
cracking, and surface roughness) and traffic data from experimental test sections. The 
researchers determined the unknown layer coefficient by adjusting its value until load 
repetitions to failure computed from the original AASHTO performance equation matched 
the load repetitions to failure observed in the field test sections. This approach yielded an 
average layer coefficient of 0.51, versus a value of 0.44 used for design in Alabama. 
 
Hicks et al. (1979) and Hicks et al. (1983) backcalculated the Structural 
Layer Coefficient of open graded asphalt emulsion surface layers used on in-service U.S. 
Forest Service roads in Oregon and Washington via observed performance (rut depth, 
surface cracking, and surface roughness), estimates of other input parameters, and the 
original AASHTO performance equation. The researchers indicate that this method is 
particularly useful for the estimation of conservative, minimum values of layer coefficients. 
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Chapter 3 
 
Data Collection 
3.1 General 
 
The objective of data collection was to gather information about the current 
and previous pavement condition of the study stretch. Also the traffic data collection was 
important for the analysis. Both qualitative and quantitative data were required for the 
research purpose. The research work is totally based on the survey data collected by the 
Central Road Research Institute (CRRI), India. The reason behind collection of secondary 
data is to avoid the loss of time and money in survey purpose. And it is always preferable 
to select secondary data over primary survey data when the secondary data belongs to some 
reliable source. 
 
3.2 Study Area 
 
It was aimed to collect the required data from different SH and MDR. Total 
8 road sections are selected for the study purpose. All the information regarding the present 
pavement condition are collected to evaluate the pavement deterioration and apply suitable 
improvement and maintenance standards on the selected road. The list of the road sections 
are given below. 
SI 
No. Name of the Road District / Zone 
Type of 
Road 
Length 
(km) 
1 Nayagarh Odagaon Laukhal Road Nayagarh SH 37.941 
2 Nimapada- Astaranga Road Puri MDR 30.738 
3 
Phulnakhara Niali Charichhak Gop 
Road 
Puri 
SH 
17.321 
4 Pipili- Konark Road Puri SH 35.189 
5 
Seragarh Nilagiri Kaptipada Udala 
Baripada Medinapur Boarder Road 
Mayurbhanj 
SH 
67.787 
6 
Seragarh Nilagiri Kaptipada Udala 
Boarder Road 
Mayurbhanj 
SH 
12.84 
7 Simara Banki Road Khurda MDR 9.924 
8 Sitaram Chack to Pitapalli Road Bhubaneswar-3 MDR 30.435 
 
Table 1: List of Road sections in study area  
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The secondary data for these roads are collected as per the requirement. 
The survey reports were available with these following contents. 
 
Reports available  Content of the Report 
CBR data Soaked CBR value 
Condition and roughness data IRI, Cracking(sqm),reveling(sqm),potholes (nos.) 
Rutting (mm),Texture depth (mm)  
FWD data 
 
Surface type, Load(KGF),deflection act 
0,20,30,45,60,90,120cm, temperature 
Geometry data Rise /fall( m/km)&(no/km) 
Level of service report Capacity ,AADT  (PCU) ,volume capacity ratio 
Pavement composition data Material, layer thickness, layer function 
Pavement condition data Severity and extent value for cracking, pothole, 
Raveling, Rutting  
Traffic data No of motorized and Non-motorized vehicle 
Road inventory data Terrain type, carriage way type & width, shoulder 
width. 
Table 2: Contents of available data 
 
The collected data were used in a suitable manner for the analysis in HDM-
4. According to these data the The IRI, Cracking, raveling, pot holes and rutting values were 
taken in a weighted average format for a particular homogeneous section. 
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Chapter 4 
 
Performance Prediction Models (PPM) 
 
 
 
According to the World Road Association (Ferreira et al. 1999, 2004), a 
PPM is a mathematical representation that can be used to predict the future state of 
pavements, based on current state, deterioration factors (traffic and climate) and effects 
resulting from maintenance and rehabilitation actions (or simply M&R actions). 
Using the models, the condition of the pavement can be predicted in terms 
of one or more of different measures. These measures can be grouped into four groups 
namely (i) Primary response, (ii) Structural performance, (iii) Functional performance and 
(iv) Damage performance models. 
 
4.1 Classification of Performance Prediction Models:- 
 
(Ferreira et al., 2002, 2004, Stephenson et al., 2004). The pavement 
performance prediction models are classified into different types as given below: 
(i) Deterministic and Probabilistic models 
Deterministic models can be sub divided into Mechanistic, Empirical and 
Mechanistic –empirical models. Mechanistic models are based on physical models. In 
empirical models, regression analysis is used to relate the estimated variables to the 
deterioration. The variables can be deflection, traffic, age etc.  
In the case of mechanistic – empirical models, the calculated responses are 
used with other variables like traffic to relate to loss of serviceability or deterioration. The 
responses can be subgrade strain, stresses or strains of pavement layer etc.  
Probabilistic models are represented by transition probability matrices, ie, 
with probabilities of transition between quality states of the pavement with or without 
application of rehabilitation and maintenance. They are purely empirical in nature. 
 
(ii) Network or Project level models: 
Pavement performance models are used to predict the future condition of 
pavements at network level. These are used to evaluate alternate pavement design 
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strategies at project level to find the most cost effective solution for individual sections of 
the road network. 
 
(iii) Relative or Absolute models: 
Future condition of the pavement based on measured condition data like 
bearing capacity, defects, roughness, skid resistance, cracking and rut depth etc. can be 
predicted by relative models. Relative models have usually only one independent variable, 
like age or traffic. 
Absolute models include independent variables explaining the pavement 
deterioration process, like layer thickness, resilient modulus, asphalt characteristics, 
pavement response etc. 
 
 
 
4.2 Highway Development and Management Models 
 
The Highway Development and Management model (HDM-4) is the 
successor to the World Bank Highway Design and Maintenance Standards model (HDM-
III). The preliminary observation in using HDM-4 is that the PPMs should be calibrated to 
correspond to the observed rates of deterioration of the road sections where the models are 
applied. 
The calibration and adaptation aspects of HDM Road Deterioration and 
Maintenance Effect (RDME) relationship for Indian conditions were done in 1995. 
(Chakrabarti et al., 1995). The deterioration factors were derived for the pavement types 
and traffic loading levels appropriate for the country.  
Pavement management system for urban roads by using the data on road 
inventory, functional evaluation, structural evaluation and traffic from 12 roads in Delhi was 
developed using the HDM –III, duly adopted to Indian conditions and was used for Life 
Cycle costing (Jain et al., 1998). From this study, it was found that the pavement 
management system provides a rational basis and unbiased prioritization of roads for 
maintenance at appropriate time within the available funds. 
It is reported that HDM-4 was developed as a support system to help in 
decision making for administrators and highway engineers for predicting the economic, 
social and environmental effects that might occur when implementing road improvement 
projects (PIARC, 2000, Jain et al., 2004, 2005, Parida et al., 2005). 
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4.2.1 Homogeneous Sectioning: 
 
 
Rating / values of 1km segments obtained from road inventory / condition 
survey are converted to classes and then split to homogeneous sections by considering the 
variation in classes of selected parameters. Thereafter, the sections are further refined based 
on committed, ongoing project information into manageable “homogeneous sections” based 
on similarity of class / severity of various parameter observed on contiguous km segments.  
Homogeneous sectioning is carried out according to these following parameters.  
(a) Carriageway Type (BT, CC, WBM) 
(b) Carriageway width (SL, IL, DL, 3L, FL) 
(c) Commercial Vehicle per day (Traffic CVD Classes)  
Class No Range (Vehicle) 
1 < 150 
2 150 – 450 
3 450 – 900 
4 900 – 1500 
5 >1500 
 
(d) Soaked CBR (< 3, > 3) 
 
4.2.2 Working Procedure of HDM-4: 
 
For this project work HDM-4 version 1.3 is used. The collected survey data 
are entered in a suitable format into the system. There are 7 sections of data to be entered 
before the analysis of the road network. Such as: 
(a) Road Networks 
(b) Vehicle Fleets 
(c) Work Standards 
(d)  Projects 
(e) Programmes 
(f) Strategies  
(g) Configurations 
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(a) Road Network 
 
In this section various data of the road section is entered which is already 
extracted from the Geometry data, Road Inventory data, Traffic Survey data, Condition & 
Roughness data etc. For a particular road section we have to divide the Road into different 
homogeneous sections. For each homogeneous section 4 types of data are required to be 
filled, i.e. Definition, Geometry, Pavement, and Condition.  
In the Definition section, the basic information about the homogeneous 
section is entered. The basic information about the section contains Road type, Traffic flow 
pattern, Climatic zone, Length of section, Shoulder width, Carriageway width, number of 
lanes, Traffic (motorized and non-motorized) etc.  
After defining the section we have to enter the geometry data of the road 
section. The average rise/fall value, average horizontal curvature, altitude and drainage type 
data are given as input to this Geometry section.  
In the next section the thickness of surface of pavement and the calculated 
Structural number value is entered. Structural number calculation is completed before this 
analysis. 
After defining the section and entering the geometry and pavement surfacing 
data we have to provide the condition and roughness data as per required format. Here the 
roughness value, total area of cracking (%), raveled area (%), number of pothole, mean rut 
depth, texture depth, skid resistance etc.   
The roughness value is taken as the weighted average of all the roughness 
data within that particular section of road.  
The percentage area of cracking is calculated using the following equation. 
𝐶𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 (%)
= (
𝑆𝑢𝑚(𝐷𝑖𝑠𝑡𝑟𝑒𝑠𝑠 𝑎𝑟𝑒𝑎)
𝐶. 𝑤𝑎𝑦 𝑤𝑖𝑑𝑡ℎ × 1000
× 100 × 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ
÷ 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ 
Similarly for calculation of the percentage of raveled area, following equation is used. 
𝑅𝑎𝑣𝑒𝑙𝑒𝑑 𝑎𝑟𝑒𝑎 (%)
=  (
𝑆𝑢𝑚(𝑅𝑎𝑣𝑒𝑙𝑒𝑑 𝑎𝑟𝑒𝑎)
𝐶. 𝑤𝑎𝑦 𝑤𝑖𝑑𝑡ℎ × 1000
× 100 × 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ)
÷ 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ 
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Number of potholes, mean rut depth and texture depth is calculated as the 
average of the total value for the particular section.  
 
(b) Vehicle Fleets 
 
In this section a file was created containing different vehicular characteristic 
of different vehicles. Both motorized and non-motorized vehicles like car, motorcycle, bus, 
truck, bicycle, rickshaw, agricultural tractor etc. are defined in this fleet. The definition of 
each vehicle includes some basic information about the vehicle, such as, number of wheels, 
number of axles, utilization, average life, etc.  
 
(c) Work Standards 
 
In general work standards are divided into two categories, i.e. Maintenance 
standards and Improvement standards.  
Maintenance standards are applied when the existing pavements need not to 
be changed by its width and only an overlay or a patching work is required. There are 
following types of maintenance works are applied for an existing pavement.  
a. Routine Maintenance 
b. Periodic Maintenance/ Renewals 
c. Overlay 
Improvement standards are applied on an existing pavement when the benefit 
to cost ratio (b/c) of that road decreases. To overcome such situations widening and 
strengthening is applied on the road section. Improvement standards are basically of two 
types, i.e.  
a. Widening  
b. Strengthening 
Work standards used for these project evaluations are described in the table below. 
Sl No. Type of Maintenance / Improvement Works list 
1 Routine Maintenance 
Slurry seal 
Edge repair 
Patch work 
Crack sealing 
Shoulder repair 
2 Overlay SDBC 25 
Overlay 25 SDBC 
Edge repair 
Patch work 
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Crack sealing 
Shoulder repair 
3 Widening IL to DLPS Lane addition 
4 SH widening DL to DLPS Lane addition 
5 Strengthening 
Pavement 
reconstruction 
Table 3: List of maintenance and improvement standards applied 
 
(d) Projects 
 
Project analysis is done for a certain analysis period starting from the 
following year of last survey year. Basic inputs for this analysis are taken from the data of 
road networks and vehicle fleets. The traffic data of each vehicle type in each section are 
calculated in terms of percentage of the total AADT of that section. These percentage values 
are entered to define the traffic and its percentage of growth.  
According to the current situation of the pavement and its traffic conditions, 
some maintenance work or improvement works are needed to be applied. To get the suitable 
option from a given set of maintenances and improvement standards we have to define 
different alternative of works as per requirement of the pavement.  
After defining the alternatives the execution of project analysis is done. 
Reports are generated by the HDM-4 software if the execution of project analysis is 
completed successfully.   
 
(e) Programmes 
 
An HDM-4 Programme Analysis allows you to generate a short to medium 
term programme of works for a selected set of Sections which maximizes the economic 
return subject to budgetary constraints. It is helpful to analyze the Life Cycle Cost Analysis 
or Multi-year Forward Programming for a set of road section to find out the most feasible 
and economic alternative as per the budget of the work. Each method allows to define a 
combination of maintenance and/or improvement standards for a section.  
 
(f) Strategies 
 
The Strategy Analysis allows to generate a medium to long term investment strategy for a selected 
set of sections. For Strategy Analysis optimization criterion and budget constraints are need to be 
defined. The definition of Strategy Analysis can either be done by selecting sections from a 
predefined Road Network or by defining a Network Matrix within the Strategy. 
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(g) Configurations 
 
In this section the traffic flow patterns are defined as Commuter, Seasonal or Inter-city.  
The working process of the project is described in the flow chart below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If nearby       
values are  
not obtained 
 
 
 
 
 
 
 
 
 
 
 
 
 
        If nearby values are obtained 
 
 
 
 
Fig 5: Flow chart of working procedure 
 
 
 
Define Road Network 
Define Vehicle Fleet 
Enter Project details 
Define Alternatives 
Run Project Analysis 
Results 
Compare the Obtained 
data with the survey 
data 
Plot the graphs 
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Chapter 5 
 
Calculations and Results 
 
 
5.1 Calculation of Structural Number: 
 
The present pavement condition can be observed by calculating the 
Structural number of the pavement. To calculate the Structural number some data of the 
pavement is required. Those are: 
1. FWD data  
2. Thickness of different layers of the pavement 
3. Pavement temperature at which the FWD test was conducted 
4. Layer coefficients 
FWD data was collected from the CRRI survey data with the help of Public 
Works Department, Bhubaneswar. The FWD data was collected using a load of 4000KGF 
and at different distances from the point of application of load. It was measured at 0cm, 
20cm, 30cm, 45cm, 60cm, 90cm and 120cm. The pavement temperature was also recorded 
during the FWD test.  
 
From the pavement composition data, the thickness of different layers were 
found out. The pavement composition data consists of thickness of subgrade, sub base, base 
and surface course. The materials used in different layers are also mentioned in the pavement 
composition data.  
 
To calculate the layer coefficient of different layers, elastic modulus of 
surface, base and subbase course is required. The elastic modulus was back-calculated using 
KGPBACK software (as per IRC:115-2014). The deflection values from the FWD data 
and the layer thickness values are used as input in KGPBACK software.  
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Fig 6: Input screen of KGPBACK software 
 
Output from the KGPBACK software is operated using Notepad application. The 
screenshot of the output file is shown below. 
 
 
Fig 7: Output screen of KGPBACK software 
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According to IRC:115-2014, the elastic modulus of surface layer should be 
temperature corrected at a standard temperature. The standard temperature for the surface 
layer is 68ºF i.e. 20ºc. The temperature correction factor (λ) is calculated using the equation 
given below. 
𝜆 =
1 − 0.238 ln 𝑇1
1 − 0.238 ln 𝑇2
 
Where T1 = Standard temperature (20ºc)  
 T2 = Pavement temperature during FWD test 
The elastic modulus of surface layer at standard temperature can be 
calculated by multiplying the correction factor to the back-calculated elastic modulus value 
of the surface layer. 
Layer modulus of different layers were calculated using the temperature 
corrected elastic modulus values. So here the layer coefficients are calculated using the 
following equation (Noureldin et al. (2005) 
 
Surface layer coefficient, a1 
𝑎1 = (
𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑛 𝑘𝑠𝑖
11 × 103
)
1
3⁄
 
Support layer coefficient, a2 
𝑎2 = (
𝑆𝑢𝑝𝑝𝑜𝑟𝑡 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑛 𝑘𝑠𝑖
11 × 103
)
1
3⁄
 
Conversion from ksi to Mpa in SI unit, 
1𝑀𝑝𝑎 =
𝑘𝑠𝑖
0.1450377
 
Where, ksi= Kilo Pound per Square inch 
 
After calculating the layer coefficients of different layers, the structural 
number was calculated using the formula SN= a1D1 + a2D2 + a3D3. The calculation of 
structural number for Nayagarh Odagaon Laukhal Road is shown below. Similarly the 
structural number of other roads are also calculated.  
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Fig 8: Calculation of Structural Number using MS Excel. 
 
 
5.2 Analysed Results from HDM-4: 
 
The future prediction for cracking, raveling and rutting for different roads 
are done using HDM-4 software. Project analysis is executed using different alternatives of 
maintenance or improvement standards according to the requirement of the road section. 
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The alternatives are used as per the projects committed or projects ongoing on that road 
section.  
The analyzed results for Nayagarh Odagaon Laukhal road are given below. 
 
5.2.1 Results of Nayagarh Odagaon Laukhal Road 
 
Fig 9: Map of Nayagarh Odagaon Laukhal Road 
Nayagarh Odagaon Laukhal Road is divided into total 11 homogeneous 
sections. Here only Routine maintenance alternatives is taken for the analysis.  
 
Table 4: Data from survey report of year 2012 and 2014 
Section Cracking % Ravelling % Mean Rut depth 
Year 2012 2014 2012 2014 2012 2014 
S1 0 0.004 0.003 0 9.2 2.9 
S2 0.008 0.005 0.036 0 9.74 2.96 
S3 0.256 0 0.002 0 6.65 4.3 
S4 0 0 0 0 4.39 3.19 
S5 0.001 0 0.002 0 5.96 3.25 
S6 0.007 0 0 0 4.54 2.93 
S7 0.039 0.02 0.021 0 3.95 4.21 
S8 0 0 0 0 3.11 3.92 
S9 0 0 0 0 2.87 3.28 
S10 0 0 0 0 3 3.4 
S11 0.001 0 0 0 2.78 3.04 
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Table 5: Analyzed results from HDM-4 for Alternative 1 (i.e. Routine 
maintenance) 
 Cracking % Ravelling % Mean Rut depth 
Year 2012 2013 2014 2015 2012 2013 2014 2015 2012 2013 2014 2015 
S1 0 0 0 0 0.003 0 0 0 9.2 9.37 9.54 9.72 
S2 0.008 0 0 0 0.036 0 0 0 9.74 9.89 10.04 10.2 
S3 0.256 0 0 0 0.002 0 0 0 6.65 6.81 6.98 7.16 
S4 0 0 0 0 0 0 0 0 4.39 4.54 4.69 4.85 
S5 0.001 0 0 0 0.002 0 0 0 5.96 6.16 6.37 6.59 
S6 0.007 0 0 0 0 0 0 0 4.54 4.69 4.84 5 
S7 0.039 0 0 0 0.021 0 0 0 3.95 4.1 4.25 4.41 
S8 0 0 0 0 0 0 0 0 3.11 3.27 3.44 3.61 
S9 0 0 0 0 0 0 0 0 2.87 3.03 3.2 3.37 
S10 0 0 0 0 0 0 0 0 3 3.16 3.33 3.5 
S11 0.001 0 0 0 0 0 0 0 2.78 2.94 3.11 3.28 
Graphs are plotted for cracking, raveling and rutting for all the different sections 
separately.  
 
 
For Section 1: 
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Fig 10: Graphs of Raveling, Cracking and Rut depth of Nayagarh Odagaon Laukhal 
Road 
 
Similarly, project analysis is done for other road sections. But the work 
standards varies for different roads according to the projects executed in past. The applied 
work standards for different roads and its homogeneous sections are described in the table 
below. 
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SI 
No. Name of the Road 
Homogeneous 
Section Work Standard 
1 
Nayagarh Odagaon Laukhal Road 
S1 - S11 
Routine 
Maintenance 
2 
Nimapada- Astaranga Road 
S1 - S3 
Routine 
Maintenance 
3 
Phulnakhara Niali Charichhak Gop 
Road 
S1 - S2 
Routine 
Maintenance 
4 Pipili- Konark Road S1 - S3 
Routine 
Maintenance 
Overlay SDBC 
25 
5 
Seragarh Nilagiri Kaptipada Udala 
Baripada Medinapur Boarder Road 
S1,  S7 
Overlay SDBC 
25 + Widening 
IL to DLPS 
S2, S4, S5, S6, S8, 
S10, S12, S14 
Overlay SDBC 
25 
S9 
Routine 
Maintenance + 
SH widening DL 
to DLPS 
6 
Seragarh Nilagiri Kaptipada Udala 
Boarder Road 
S1 - S3 
Overlay SDBC 
25 
Strengthening + 
Routine 
Maintenance 
7 
Simara Banki Road 
S1 - S4 
Routine 
Maintenance 
8 
Sitaram Chack to Pitapalli Road 
Up & Down 
Routine 
Maintenance 
Table 6: List of applied work standards 
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Chapter 6 
Summary and Conclusions 
 
 
6.1 Conclusion 
 
 
Deterioration is a continuous process that affects the riding quality.   
Avoiding the situations that causes deterioration is practically difficult. But we can maintain 
the riding quality of the road by regular maintenance of that road. Finding out the condition 
of the road by survey is a difficult process which requires manpower, money power and also 
sufficient time. To avoid the situation we can generate a trend line that will help us to find 
out the value of distress in next year.  Using the trend line we can calculate the value of 
different distress without any survey works. 
 
After analysis from HDM-4 software graphs were plotted and the trend line 
of the graph is generated to find out the equation of the distress trend line.  For different 
road sections, different graphs were plotted and for each graphs and each trend line different 
equations are generated. The best suitable equations among different linear, logarithmic and 
polynomial equations are selected based on maximum value of R-square.  
 
The equations for Nayagarh Odagaon Laukhal road is given below, 
 
Cracking: y = -0.0233x3 + 140.98x2 - 283934x + 2E+08 
Raveling:  y = -0.0125x3 + 75.525x2 - 152107x + 1E+08 
Rut depth: y = -0.0075x2 + 30.449x - 30899 
 
 
6.2 Future Scope 
i. As it is difficult to calculate the distress for each homogeneous section separately, 
one can try to find out the generalized equation for each distress. 
ii. Analysis of distress can be extended to find out the equations of other distress 
parameters, like roughness and potholes. 
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Nayagarh Odagaon Laukhal Road 
Type of road section: SH 
Type of pavement: Flexible 
Length of Road: 37.941km 
Section 1: 
Alternative 1: Routine Maintenance 
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Section 4: 
 
 
 
Raveling: y = 0 
Rut depth: y = 0.0025x2 - 9.9145x + 9832 
Cracking: y = 0 
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Section 5: 
 
 
 
Raveling: y = -0.0003x3 + 2.014x2 - 4056.2x + 3E+06 
Rut depth: y = 0.005x2 - 19.925x + 19854 
Cracking: y = -0.0002x3 + 1.007x2 - 2028.1x + 1E+06 
y = -0.0003x3 + 2.014x2 - 4056.2x + 3E+06
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Section 6:  
 
 
 
Raveling: y = 0 
Rut depth: y = 0.0025x2 - 9.9145x + 9832.2 
Cracking: y = -0.0012x3 + 7.049x2 - 14197x + 1E+07 
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Section 7: 
 
 
 
Raveling: y = -0.0035x3 + 21.147x2 - 42590x + 3E+07 
Rut depth: y = 0.0025x2 - 9.9145x + 9831.6 
Cracking: y = -0.0065x3 + 39.273x2 - 79096x + 5E+07 
y = -0.0035x3 + 21.147x2 - 42590x + 3E+07
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Section 8: 
 
 
 
Raveling: y = 0 
Rut depth: y = 0.0025x2 - 9.9005x + 9802.6 
Cracking: y = 0 
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Section 9: 
 
 
 
Raveling: y = 0 
Rut depth: y = 0.0025x2 - 9.9005x + 9802.3 
Cracking: y = 0 
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Section 10: 
 
 
 
Raveling: y = 0 
Rut depth: y = 0.0025x2 - 9.9005x + 9802.4 
Cracking: y = 0 
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Section 11: 
 
 
 
Raveling: y = 0 
Rut depth: y = 0.0025x2 - 9.9005x + 9802.2 
Cracking: y = -0.0002x3 + 1.007x2 - 2028.1x + 1E+06 
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Nimapada- Astaranga Road 
Type of road section: MDR 
Type of pavement: Flexible 
Length of Road: 30.738km 
Section 1: 
 
 
y = -0.0125x3 + 75.525x2 - 152107x + 
1E+08
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 Raveling: y = 0.0188x2 - 75.529x + 76061 
Rut depth: y = -0.0075x2 + 30.449x - 30899 
Cracking: y = -0.0233x3 + 140.98x2 - 283934x + 2E+08 
 
Section 2: 
 
y = -0.0233x3 + 140.98x2 - 283934x + 
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Raveling: y = 0.0003x2 - 1.0071x + 1014.1 
Rut depth: y = -0.005x2 + 20.395x - 20790 
Cracking: y = -0.0083x3 + 50.35x2 - 101405x + 7E+07 
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Section 3: 
 
 
 
Raveling: y = 0 
Rut depth: y = -2E-15x2 + 0.226x - 451.21 
Cracking: y = 0 
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Phulnakhara Niali Charichhak Gop Road 
Type of road section: SH 
Type of pavement: Flexible 
Length of Road: 17.321km 
Section 1: 
 
 
 
Raveling: y = 0 
Rut depth: y = -0.005x2 + 20.425x - 20851 
Cracking: y = -0.0245x3 + 148.03x2 - 298130x + 2E+08 
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Section 2: 
 
 
 
Raveling: y = 0 
Rut depth: y = -0.0025x2 + 10.296x - 10589 
Cracking: y = 0.1063x2 - 428x + 431014 
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Pipili Konark Road 
Type of road section: SH 
Type of pavement: Flexible 
Length of Road: 35.189km 
Section 1: 
 
 
 
Raveling: y = 0.005x2 - 20.141x + 20283 
Rut depth: y = -0.0075x2 + 30.506x - 31013 
Cracking: y = 0.045x2 - 181.27x + 182547 
y = -0.0033x3 + 20.14x2 - 40562x + 3E+07
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Section 2: 
 
 
 
Raveling: y = -0.0017x3 + 10.07x2 - 20281x + 1E+07 
Rut depth: y = 0.685x2 - 2759.5x + 3E+06 
Cracking: y = -0.0083x3 + 50.35x2 - 101405x + 7E+07 
y = -0.0017x3 + 10.07x2 - 20281x + 1E+07
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Section 3: 
 
 
 
Raveling:  y = -0.0002x3 + 1.007x2 - 2028.1x + 1E+06 
Rut depth: y = -0.0025x2 + 10.304x - 10609 
Cracking: y = -0.0003x3 + 2.014x2 - 4056.2x + 3E+06 
y = -0.0002x3 + 1.007x2 - 2028.1x + 1E+06
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Seragarh Nilagiri Kaptipada Udala Baripada Medinapur Boarder Road 
Type of road section: SH 
Type of pavement: Flexible 
Length of Road: 67.79km 
Section 1: 
 
 
 
Raveling: y = 0 
Rut depth: y = -0.9195x3 + 5556.1x2 - 1E+07x + 8E+09 
Cracking: y = 0.1825x3 - 1102.4x2 + 2E+06x - 1E+09 
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Section 2: 
 
 
 
Raveling: y = 0 
Rut depth: y = -3.1928x3 + 19293x2 - 4E+07x + 3E+10 
Cracking: y = -0.0562x3 + 339.36x2 - 683469x + 5E+08 
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Section 4: 
 
 
 
Raveling: y = 0  
Rut depth: y = -2.9242x3 + 17669x2 - 4E+07x + 2E+10 
Cracking: y = -0.1867x3 + 1127.8x2 - 2E+06x + 2E+09 
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Section 5: 
 
 
 
Raveling: y = 0 
Rut depth: y = -3.3267x3 + 20101x2 - 4E+07x + 3E+10 
Cracking: y = -0.0113x3 + 68.476x2 - 137911x + 9E+07 
y = 0
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Section 6: 
 
 
 
Raveling: y = 0 
Rut depth: y = -3.1117x3 + 18802x2 - 4E+07x + 3E+10 
Cracking: y = -0.1243x3 + 751.22x2 - 2E+06x + 1E+09 
y = 0
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Section 7: 
 
 
 
Raveling: y = 0  
Rut depth: y = -3.2267x3 + 19497x2 - 4E+07x + 3E+10 
Cracking: y = -0.2033x3 + 1228.5x2 - 2E+06x + 2E+09 
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Section 8: 
 
 
 
Raveling: y = 0 
Rut depth: y = -2.79x3 + 16859x2 - 3E+07x + 2E+10 
Cracking: y = -1.1117x3 + 6716.7x2 - 1E+07x + 9E+09 
y = 0
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Section 9: 
 
 
 
Raveling: y = 0 
Rut depth: y = -4.145x3 + 25044x2 - 5E+07x + 3E+10 
Cracking: y = -2.3608x3 + 14264x2 - 3E+07x + 2E+10 
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Section 10: 
 
 
 
Raveling: y = -0.0028x3 + 17.119x2 - 34478x + 2E+07 
Rut depth: y = -2.695x3 + 16285x2 - 3E+07x + 2E+10 
Cracking: y = -1.77x3 + 10694x2 - 2E+07x + 1E+10 
y = -0.0028x3 + 17.119x2 - 34478x + 2E+07
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Section 12: 
 
 
 
Raveling: y = -0.0014x3 + 8.5595x2 - 17239x + 1E+07 
Rut depth: y = -3.0895x3 + 18668x2 - 4E+07x + 3E+10 
Cracking: y = -1.0983x3 + 6636.1x2 - 1E+07x + 9E+09 
y = -0.0014x3 + 8.5595x2 - 17239x + 1E+07
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Section 14: 
 
 
 
 
Raveling: y = -0.0012x3 + 7.049x2 - 14197x + 1E+07 
Rut depth: y = -3.26x3 + 19699x2 - 4E+07x + 3E+10 
Cracking: y = -0.1933x3 + 1168.1x2 - 2E+06x + 2E+09 
y = -0.0012x3 + 7.049x2 - 14197x + 1E+07
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Seragarh Nilagiri Kaptipada Udala Boarder Road 
Type of road section: SH 
Type of pavement: Flexible 
Length of Road: 12.847km 
Section 1: 
 
 
 
Raveling: y = 0 
Rut depth: y = 2.6975x2 - 10865x + 1E+07 
Cracking: y = -0.765x3 + 4622.1x2 - 9E+06x + 6E+09 
y = 0
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Section 2: 
 
 
 
Raveling: y = 0 
Rut depth: y = -2.2883x3 + 13825x2 - 3E+07x + 2E+10 
Cracking: y = -0.97x3 + 5860.7x2 - 1E+07x + 8E+09 
y = 0
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Section 3: 
 
 
 
Raveling: y = 0 
Rut depth: y = 2.175x2 - 8760x + 9E+06 
Cracking: y = -0.5257x3 + 3176.1x2 - 6E+06x + 4E+09 
y = 0
0
0.2
0.4
0.6
0.8
1
2011 2012 2013 2014 2015 2016
R
av
e
lli
n
g 
%
Year
S3 -Ravelling
Survey
ALT 1
Poly. (ALT 1)
y = -0.865x3 + 5226.8x2 - 1E+07x + 7E+09
0
2
4
6
8
10
2011 2012 2013 2014 2015 2016
R
u
t 
d
e
p
th
 (
m
m
)
Year
S3 (Rut depth)
Survey
ALT 1
Poly. (ALT 1)
y = -0.5257x3 + 3176.1x2 - 6E+06x + 4E+09
-0.5
0
0.5
1
1.5
2
2.5
3
3.5
2011 2012 2013 2014 2015 2016
C
ra
ck
in
g 
%
Year
S3 - Cracking %
Survey
ALT 1
Poly. (ALT 1)
Simara Banki Road 
Type of road section: MDR 
Type of pavement: Flexible 
Length of Road: 9.924km 
Section 1: 
 
 
 
Raveling: y = -0.0003x3 + 2.014x2 - 4056.2x + 3E+06 
Rut depth: y = -0.0105x2 + 42.534x - 43070 
Cracking: y = 0 
y = -0.0003x3 + 2.014x2 - 4056.2x + 3E+06
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Section 2: 
 
 
 
Raveling: y = -0.0017x3 + 10.07x2 - 20281x + 1E+07 
Rut depth: y = -0.0125x2 + 50.624x - 51251 
Cracking: y = -0.0633x3 + 382.66x2 - 770677x + 5E+08 
y = -0.0017x3 + 10.07x2 - 20281x + 1E+07
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Section 3: 
  
 
 
Raveling: y = -0.01x3 + 60.42x2 - 121686x + 8E+07 
Rut depth: y = -0.0125x2 + 50.624x - 51251 
Cracking: y = -0.0183x3 + 110.77x2 - 223091x + 1E+08 
y = -0.01x3 + 60.42x2 - 121686x + 8E+07
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Section 4: 
 
 
 
Raveling: y = -0.0083x3 + 50.35x2 - 101405x + 7E+07 
Rut depth: y = -0.0017x3 + 10.055x2 - 20220x + 1E+07 
Cracking: y = -0.0517x3 + 312.17x2 - 628710x + 4E+08 
y = -0.0083x3 + 50.35x2 - 101405x + 7E+07
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Sitaram Chack to Pitapalli: 
Type of road section: MDR 
Type of pavement: Flexible 
Length of Road: 30.435km 
Section UP: 
 
 
 
Raveling: y = -0.0163x3 + 98.686x2 - 198754x + 1E+08 
Rut depth: y = -0.01x2 + 40.574x - 41150 
Cracking: y = -0.023x3 + 138.97x2 - 279878x + 2E+08 
y = -0.0163x3 + 98.686x2 - 198754x + 1E+08
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Section DOWN: 
 
 
 
Raveling:  y = -0.0057x3 + 34.238x2 - 68955x + 5E+07 
Rut depth: y = -0.0075x2 + 30.506x - 31012 
Cracking: y = -0.0848x3 + 512.56x2 - 1E+06x + 7E+08 
y = -0.0057x3 + 34.238x2 - 68955x + 5E+07
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